INTRODUCTION
Wheat (Triticum aestivum L.) is a major crop to feed the world's population. Out of the total world production, about 53% is used in developed countries, and around 85% usage is reported in the developing countries (Denčić et al., 2011) . In 2010, 647,497 hectares (ha) of wheat were planted in Nebraska and 602,981 ha were harvested with an average yield of 2891.75 kg/ha for a total production of 1,743,985.4 ton. But only small proportion of this production was produced organically. However, the demand of organic products continues to increase because organic wheat is an indispensable ingredient in many processed organic products. However, there has to date been little attention paid by public wheat breeders to evaluate and develop cultivars adapted specifically to organic production systems. Remedying this lack of information and lack of truly adapted lines is of paramount importance because the traits needed for organic production are not the same as those needed for conventional production (Baenziger et al., 2011) . In general, winter wheat cultivars are being used by organic farmers under conventional high-input conditions, however, these cultivars may not reach their full genetic potential because organic soils are frequently limited in nutrients and fertilizers. Better nutrient uptake efficiency would be of great value for organic farms and conventional farms producing under low-input conditions (Hildermann et al., 2008 ) . For this reason, winter wheat cultivars are being developed that will improve profitability and competitiveness of organic producers (Baenziger et al., 2011) . However, it is important to evaluate lines under organic production conditions in different environments. Multienvironment trials are important in plant breeding for evaluating genotypes for their overall stability and adaptability in the presence of genotype by environment (GE) interaction. An understanding of GE interaction is important at all stages of plant breeding, including ideotype design, parent selection, selection based on traits, including grain yield (Yan et al., 1998 ) . The GE interaction causes should be identified in order to establish breeding objectives, identify ideal testing locations and conditions, and come up with suggestions for areas of optimal cultivar adaptation. Many studies had been conducted to study the GE interaction in winter wheat. For example, Mengistu et al. (2010) reported hard winter wheat cultivar blends for the grain yield between blends and their component cultivars over several locations in Nebraska to compare blend grain yield stability and they found that when compared with the average of component cultivars in the blend, cultivar blends were more stable over different environments with little or no reduction in grain yield. Taghouti et al. (2010 ) studied GE interaction for quality traits in durum wheat (Triticum durum L.) cultivars adapted to different environments. They concluded that the genetic variation for sedimentation volume, yellow pigment index and grain volume weight was larger than the environmental variation, indicating the greater influence of genotypes of these traits. However, for vitreousness and protein content, the environmental effect was greater than the genetic effect. These studies show that wheat yield and other agronomic and quality traits vary considerably as a result of genotype, environment and their interaction (Allard et al.,1964; Basford et al., 1998; Trethowan et al., 2007; Denčić et al., 2011) . For these reasons, to develop excellent winter wheat cultivars for organic production, it is extremely important to select and test lines in organic systems in different ecological regions. For this reason, the main contribution of this paper will be that it is the first one that evaluate GE interaction of winter wheat cultivar under organic production. To develop organic wheat cultivars suited to increase competitiveness and profits of organic producers in Nebraska and the Northern Great Plains. The objective of this study was to evaluate the performance of 36 wheat winter lines for organic systems in three locations in Nebraska (Clay, Dixon and Saunders counties) to: (1) To compare the performance of the released cultivars with experimental lines to help in the process of selection, (2) to study the magnitude and behavior of genotype-by-environment interaction for six agronomic traits (grain yield, anthesis date, plant height, protein content, grain volume weight and vegetation index) and (3) to identify the more stable genotypes for these traits.
MATERIALS AND METHODS

Cultivar selection and growth conditions
Thirty-six hard winter wheat lines were used in this study of which 20 lines were released. Clarkscream and Buckskin were released in the early 1970's. Lyman and McGill were released in 2009 and 2010 respectively and the other 16 were released before 2009. Sixteen lines are under consideration for release. The lines were grown in three Nebraska locations (Dixon, Clay and Saunders counties) that are in the western cornbelt ecoregion. The general attributes of each location are given in Table 1 . Locations hereafter referred to by their respective counties.
Traits measured
Yield is measured in kilograms per ha (kg ha -1 ). Grain volume weight (GVW) is the weight of a sample of grain in a small cup, converted to kilograms per hectoliter (kg/hl kg hl -1 ). Anthesis date (Adate) is the date in May at which half of the tillers in a plot reach anthesis (indicated by visible emergence of anthers). The Normalized Difference Vegetation Index (NDVI) is the relative reflectance of plant material and soil at two wavelengths: Visible (red, 660 nm) and infra-red (NIR, 770 nm). NVDI = (πNIR -πVIS)/(πNIR + πVIS). NDVI was measured with a hand-held Greenseeker® at 0.6096 meters (m) above the canopy, and is the average of 40 to 60 measurements per plot. Measurements were taken at Feekes 7 or 8 stage. Height is the visual average distance from soil to top of the head excluding awns for mature plants for each plot and was measured in cms. Protein content was measured by near infra-red reflectance (NIR) as a grams of protein per kg (g kg ) of flour using a FOSS Tecator NIR.
Design and analysis
At each location in 2011, the 36 lines were grown in a randomized complete block design (RCBD) and we measured grain yield, anthesis date, plant height, protein content, GVW, and NDVI. In Clay all traits had 6 replication with exception of Adate which was only measured in the first two repetitions. In Dixon all the traits were measured on 4 replications, while in Saunders all the traits were measured on 5 replications with the exception of anthesis date which was measured using 4 replicates. The combined linear model over all locations for one trait, Y l , is:
where l µ is the mean effect on trait l , E j l is the effect of location j on trait l , R E j k l ( ) is the effect of block k within location j on trait l , G i l is the effect of genotype
is the effect of the interaction between genotype i and environment j on trait l , and  i j k l is the random experimental error effect associated with genotype i and block k within location j on t r a i t l . A l l va r i a n c e c o m p o n e n t s n e e d e g locations, were considered fixed, because only three environments were studied.
An ANOVA was performed for each location and for each response variable using a RCBD. A combined ANOVA over the three locations (Clay, Dixon and Saunders) was performed for each trait after checking the homogeneity of error variances. We estimated Heritability (h 2 ) according to (Cooper et al., 1994 ) from the analysis of variance. The broad sense heritability over all environments was calculated as h r rL
denotes the genotype-environment interaction variance,  E 2 is the residual error variance, L is the number of locations and r is the number of replications. Genotypic and phenotypic correlations between traits were estimated using REML following (Holland, 2006) . The combined linear models over all traits and locations is given by:
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Where  the overall mean and is fixed term, E T r a i t j l ( ) is considered a fixed term because we have only three e n v i r o n m e n t s , R E T r a i t 
. Using this model (Eq. 2) we can estimate the genetic covariance, the GE covariance and the error covariance matrices. For estimating the phenotypic correlation matrix among locations in model (2) we exchange Trait by E and vice versa. All analyses were performed using SAS software (SAS, 2003) .
Site regression model (SREG)
To characterize the genotype and GE covariance matrices, the SREG (Crossa et al., 2002; Crossa and Cornelius, 1997) model was used. The SREG model is equal to
Where y i j is the mean of a trait of the i t h cultivar in the j t h environment for g genotypes and L locations
are singular values scaling constants) that allow the imposition of orthonormality constraints on the singular vectors for genotypes,
, , , are called ''primary,'' ''secondary,'' ''tertiary,'' effects of the i t h cultivar and the j t h location, respectively;  i j is the residual error assumed to be normally and independent distributed with mean of zero and variance  2 / r (where  2 is the pooled error variance and r is the number of replicates). T he number of bilinear ter ms is
Estimates of the multiplicative parameters in the kth bilinear term are obtained as the kth component of the deviations from the additive part of the model. In the SREG model, only the main effects of cultivars plus the G x E interaction are absorbed into the bilinear terms (Crossa and Cornelius, 1997) . The SREG biplots plot the primary and secondary effects of genotypes and locations. Useful conclusions can be drawn from the biplot about relationships among environments, genotypes and GE interaction. For example, environments located in the same direction of the biplot equally discriminate genotypes, whereas locations in the opposite direction ranked the genotypes differently. (Crossa et al., 2002) pointed out that if the primary effects of locations were all of the same sign, the first component in biplots of SREG would be related to non-crossover genotype plus GE interaction variability, whereas the second component accounted for crossover genotype plus GE interaction variability, such that the ideal test environment or the genotype should have a large first primary effect and a nearzero secondary effect (Yan et al., 2001; Yan et al., 2007) .
RESULTS
Means on individual locations indicated as average grain yield for all lines ranged from 3042.27 k g h a -1 at Dixon ( at Clay (Table 3) . Finally, average NDVI for all lines ranged from 0.4044 at Dixon (Table 2 ) to 0.7175 at Saunders ( Table 3 ). The lowest heritability on individual locations was for Adate (for all the genotypes) ranged from 0.2 at Cay (Table 8 ) to 0.79 at Saunders (Table 3) . While the largest heritability was for protein content ranged from 0.90 at Dixon ( Table 2) to 0.97 at Saunders (Table 3) .
The combined analysis of variance for the six traits (grain yield, Adate, height, protein content, GVW and NDVI) is presented in Table 7 . Genotypic effect was highly significant (P<0.01) across the three locations for all the six traits except for Adate that was not significant (P>0.1).While the effects of location were highly significant (P<0.01) for the six traits (Table7). Also the GxE interaction was highly significant (P<0.01) for five traits except for plant height that was marginally significant (P<0.1) ( Table 7) . This means that there are differential responses of the lines relative to each other across the three locations of Nebraska, which implies that the selection of lines should be focused on either genotypes with excellent adaptation to specific locations or stable genotypes that perform well in the three across environments (Mengistu et al., 2010) .
For each trait the variation among genotypes was partitioned to compare released cultivars to experimental lines. McGill compared with the average of the experimental lines was highly significant (P<0.01) for plant height, GVW and protein content, but was not significant for grain yield, NDVI, and Adate (Table 7) . Lyman was highly significant (P<0.01) for four traits (NDVI, plant height, GVW and protein content) but not significant for grain yield and Adate when compared with the average of the experimental lines ( 
Site regression model (SREG)
For each response variable (grain yield, NDVI, Adate, plant height, GVW and protein content) we created SREG biplot of the 36 genotypes, which are depicted in Fig. 1 . The three locations (environments) are located to the right side of the biplot for all the traits measured with the exception of Adate. For grain yield and NDVI the first SREG component explained 68.22% and 55.93% respectively of the genotype plus GE interaction, whereas the second component accounted for 21.22% and 32.72% of the variability respectively ( Fig. 1A and 1B) . This means that the grain yield and NDVI are substantially variable from location to location.
With regard to the grain yield in Fig. 1A genotypes NW03666, SD07165, NE07444 and Overland have a positive response in terms of genotype and GE interaction for the three locations because they are in the same direction. This mean that these 4 genotypes produce the best yield which is in agreement with the combined analysis given in Table 4 , where we can see that the yield for these four genotypes are 3444.39, 3521.25, 3299.00 and 3546.46 k g h a -1 respectively. On the other hand, genotypes While, for GVW, Adate, protein content and height the contribution of the first and second component was 81.47% and 12.44% (Fig. 1E) ; 74.67% and 16.27 (Fig. 1C) ; 93.97 and 4.78% (Fig. 1F ) and, 95% and 3.19% (Fig. 1D) , respectively. Recalling that a stable location demonstrates a large first primary effect (non-crossover GE variability) and near zero second effect (Crossover GE variability) in the biplot (Crossa et al., 2002) . These results showed that the three locations present a small but relevant variability for GVW and Adate. However, for protein and height the three locations are good because they had large values for primary effects (first PC) and low values for secondary effects (second PC). This implies that the 36 genotypes are stable for protein content and plant height in these three locations studied.
For GVW the genotypes with the best performance (positive response in terms of genotype and GE for the three locations) were Lyman, NW03681, Danby and Goodstreak with means equal to 73.30, 73.61, 73.83 and 74 .20 k g h l -1 respectively ( Fig. 1E and Table 4 ). While the genotypes Hallam and NX05M41806 are located on the opposite side of the biplot, this mean that they have a negative response in all sites with means of 68.91 and 68.08 k g h l -1 respectively. On the other hand, for Adate all the genotypes are located in the center of the biplot and the three locations are spread to all sides. This mean that the behavior of the 36 genotypes is very similar in each location, which can be corroborated with 
Genetic and phenotypic correlations
For traits there was a large range in the genetic correlation among all pairwise comparisons between five of the six traits measured ( Table 5 ). The lowest genetic correlation was 0.009 between GVW and grain yield, while the largest was -0.542 between protein content and yield. This is in agreement to the results given by (Marinciu et al., 2009) that found a negative relationship between protein content and yield. The second largest correlation was 0.470 between NDVI and GVW. The correlation between GVW and protein content was 0.446, while between height and GVW was 0.378; and between height and protein content was 0.360. The genetic correlation between NDVI vs plant height, GVW and protein content was 0.324, 0.367 and 0.434 respectively. Finally, the genetic correlation between grain yield and height was negative (-0.282) and with regard to NDVI was positive but very low 0.157. On the other hand, the phenotypic correlations had only two negative correlations. Similar to the genetic correlation, grain yield vs plant height (-0.045) and grain yield vs protein content (-0.353) were negatively correlated using phenoptyic values. The phenotypic correlation between grain yield, and GVW and NDVI was 0.066 and 0.305 respectively. The phenotypic correlation between NDVI and plant height, GVW and protein were 0.199, 0.056 and 0.118 respectively. The phenotypic correlation between plant height and GVW and protein content was 0.238 and 0.228, respectively. Finally the correlation between GVW and protein content was 0.269.
For locations we can see in Table 6 that the largest phenotypic correlation was 0.5175 between Clay and Saunders, while the lowest correlation was 0.35258 between Clay and Dixon, while the correlation between Dixon and Saunders was 0.39249.
DISCUSSION
The grain yield and NDVI responses were highly significant and highly responsive. Their performance varied across locations which is reflected in the lowest broad sense heritability estimates. The average difference in the grain yield was 473.61 k g h a -1 and the location with the highest grain yield was Saunders while Dixon had the lowest grain yield. For NDVI the average difference among locations was 0.3131 where again Saunders reported the highest values and Dixon the lowest. Although, GVW and Adate had little variability compared with grain yield and NDVI across locations we have not elements to guarantee that these trait are stable across locations, because there are also a highly significant effect of environment and GE. In this case for GVW the average difference between locations was of 3 k g h l -1 where Saunders had the lowest value. While for Adate, the average difference was of 15 days where Dixon had the highest value and Saunders the lowest Adate value. For protein content the average difference was of 1.83 g kg-1 between Dixon (lowest) and Saunders (highest). For plant height the average difference was of 17.28 cms between Dixon (lowest) and Saunders (highest). The site regression biplots (Fig. 1) show that the genotype performance in each location was quite diverse and depended strongly of the trait under study.
We found that yield is negatively correlated with protein content and plant height. In addition, we observed that in general the genetic correlation produced the largest influence in the genotype performance, although the GE interaction was also significant and needs to be considered to avoid mistakes in selection. Therefore, the genotypes showed variation in their degree of stability from one trait to another suggesting that the genetic factors involved in the GE differed between traits (Grausgruber et al., 2000) . The highly significant effects of environments and GE found in this study are in agreement with those reported by other studies (Fufa et al.,2005; Campbell et al., 2004; Peterson et al., 1992; Mengistu., 2010) conducted for winter wheat grain yield in Nebraska.
The best genotypes for grain yield across the three environments weregenotypes NW03666, SD07165, ) . In general the average yield of the experimental lines were better than the released lines which is to be expected due to the released lines including older lines and breeding progress should occur. For Adate, the performance was the same between experimental and released lines which is expected because selecting for adaptation in Nebraska means that there is an optimum Adate and both release and experimental lines select for that Adate. However, for NDVI, height, GVW and protein, the average performance of the experimental lines was lower than the released lines. Also, it is important to point out that we found a negative correlation between grain yield and protein content, and between yield and plant height.
CONCLUSIONS
We found that in general the average grain yield of the experimental lines were better than the released lines. The best genotypes for grain yield across the three environments are genotypes NW03666, SD07165, NE07444 and Overland. For vegetation index the best lines were: Lyman and Buckskin. For grain volume weight the best lines were: Lyman, NW03681, Danby and Goodstreak. For anthesis date all genotypes were similar. For plant height, the best lines were Goodstreak, Buckskin and Clarkscream. For protein content, the best lines were Goodstreak, Karl92, Lyman, and Clarkscream. For anthesis date, the performance was similar between experimental and released lines. However, for vegetation index, plant height, grain volume weight and protein content, the average performance of the experimental lines was lower than the released lines. Also, it is important to point out that the linear mixed models and site regression model implemented were very effective for reaching the objectives of the present research.
